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This document contains information affecting the national

defense of the United States within the meaning of the Espionage
Laws, Title i8, U.S.C. Sections 793 and 794. The transmission

or the revelation of its contents in any manner to aln unaui thor -
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Section I

INTRODUCTION

Background

A comprehensive method for analysis and evaluation of weapons sys-

tems has been developed by Stanford Research Institute to give better in-

formation to decision-makers concerned with allocating national resources

among future weapons systems. The method for analysis and evaluation can

be summarized in ten steps:

1. Establish a strategic framework outlining the boundaries of in-

tercontinental thermonuclear war and the place of the air defense system

therein.

2. Analyze the target system to be defended, assigning measures of
value to the components. These value measures are the primary criteria

of effectiveness of the weapons systems.

3. Analyze on a dynamic basis the capabilities of the expected or

designated enemy as a threat to the target system.

4. Determine the environment in which attack and defense operate,
including those factor, relevant to plans and execution. This step is

particularly important when enviropmental systems for air defense weap-
ons are being evaluated.

5. Define and describe the weapons systems under study, determining

functions and parameters of the systems. Establish and identify the vari-

ations, official and unofficial, of the system.

6. Analyze the operational availability of the defined systems

ed.r alternative states of national urgency.

i. P|rurfell a cost analysis on the weapors systems, including unit
costs, initial investment program costs '•'ftributed as fiscal year ex-

pendititres, and annual operating costs o, achtiivng various schedules at

vareous force levels for various states of rnaLiona" urgency.

8 Ft,!:b lish the capahilities of '.he Vwfp ) systems in an opera-

tiOnal clivirotnmeItt on a dynalic Pc'-1 anil ,aai. C t, Otse capab litle-i at

(,ich point in t ime against the ('l imated future potentials of the thrcat.
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9. Determine, through analysis of the factors involved, the opera-

tional (such as reliability) and logistical (such as schedule slippages)

degradation of the weapons systems.

10. Botermine the effectiveness of the air defense systems as thay

fit into our defense posture at various force levels under various states

of urgency, utilizing the measures of value established.

Finally, make use of successive approximations so that the strategic I
framework is constantly modified, countering changes in enemy strategy.

The method seeks a complete statement of the problem to provide per- I
spective for an evaluation, and it treats all elements -threat, target

defense measures, and air defense weapons--as varying over time. 1
The research reported on in this study is a part of Step 6--Availa-

bility Analysis--and is specifically concerned with leadtime.

Normally, Stanford Research Institute's availability analyses deal

with the time between the end of feasibility study and the deployment of

some quantity of units in operational condition. These leadtime studies I
have gone beyond the leadtimes involved in weapons hardware, and have

been concerned also with the associated personnel training, operational

site acquisition and construction, support activities, and management I
activities (contracts, decision dates, funding, etc.).

Several techniques and mtthods for evaluating availability estimates I
are in development and use at Stanford Research Institute. They will be

reported at a later date. Technical evaluations are made of the state

of the art of all components of a particular wcapon system to help deter-
mine technical feasibility of that weapon system and its schedule. Con-

currently, a detailed analysis is made of the master schedule for a

weapon system program so as to isolate any internal inconsistencies.

Techniques also include an examination of the planning factors and as-

sumed conditions which underlie an estimated completion date, Costs are

correlated with the inater schedule to determine annual expenditures
needed to attain that schedule

"the rn•sarch reported on herein is background material contributing

to coninrehens ive and 4pc i Itic ana] yes Since the primary objective of

the research on ait defense has been directed toward providing organized

facts and tvaloation' to decision-mokerg; it was deemed appropriate to

oxajmine in some detail thos. oiflcial docl-ments that presented data to

strateg- d'cci'.: on--aicr!; a .! thc Army Staff and Department of Dcfcnse I
[t'v't' :1l> scurl) CA~.ilIilt'- ' Iiit ~t'li , ii u'uid ul tho daLa iupurLc'd
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on thirty-one missile systems in the Annual Guided Missile Progress Re-

ports (DOD form DD-613, entitled R&D Project Card) and the data reported

by each of the services to DOD and listed in the DOD Guided Missile Pro-

gram Table. The study views the adequacy of these documents for provid-

ing a source of information for important strategic decisions.

Scope of Study

Tnti paper is a part of these continuing efforts of Stanford Research

Institute to evaluate the Army's air defense missile systems by extending

availability research into five basic areas:

1. What is the definition of the phases of a weapon cycle, and how

adequate are the definitions in current use toward establishing

a rigorous system of reporting to insure comparability among

all weapons systems?

2. How much time do the weapon cycle and its phases consume?

3. What are the errors in estimating the length of the weapon cycle

and its phases?

4. What can be done to shorten the weapon cycle, and what data and
techniques are required to control leadtime from research to

operational status?

5. What is the relationship of dollar expenditures to the weapon

cycle?

This paper provides background data in basic areas 2 and 3 ("How
much time is required, and what are the errors of estimating?"), and in-

dicates how this knowledge can be useful in evaluating missile programs.
In addition, the study examines the data submitted on official reporting

forms to determine the degree to which the data contained in these re-

ports are adequate for use by strategic decision-makers.

1. The actual leadtimes to operational status'/ for nine United

States missile systems, and the leadtimes to estimated

!•mv from prole.ct start to opf rat ional status. Project start does

no' n•cessarily correspond to the end of thb feasibility study (nor-

mall v the t t it irng dal e of Stanford Research Institute L!,adt i me

SudECRE
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operational status for an additional twenty-two United States

missile systems (Section I1I). I

2. The relationship between estimated and actual dates of opera-

tional availability for eight of the nine operational missile

systems; also, the relationship between first estimates &ad the 1
",d vt •Liaijtts lur thirteen ncnoperational missile systems

(Section IV).

3. The changes in leadtime as a function of calendar year of start

of project (Section V). I

4. Time to the first production contract as a ratio of time from

project start to operational stntus (Section VI). I

5. The relationship of estimated and actual completion dates of op-

erational availability to estimated and actual completion dates

of research, development, test, and operational evaluation for I
the Army's family of missile systems (Section VII).

6. The series of estimates of completion dates for research, devel- 1
opment, test, and operational evaluation for the Army's family

of SAM systems: NIKE-AJAX, NIKE-HERCULES, HAWK, TALOS (land-

based), and PLATO (Section VYII).

This report consists primarily of analyses of data in these areas.

No attempt is made to assign cause,. for variation of leadtimes or causes

for errors of estimate. However, to provide some guidance in the proper
use of the statistics. it was necessary to present a general outline of

the nature of errors and to raise questions or cautions in the use of the

data.

I
!
!

i
!
I
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Section II

SUMMARY

This technical rep rt is an analysis of data on missile system lead-
times. The report does n t purport to explain specifically--system by

system--why leadtimes vary d estimating errors exist, nor does it pre-
tend to categorize the estim ting errors as "preventable" or "not pre-

ventable."' The general causes f errors in estimating are discussed,

but this report does not link sp ific cause and effect in the discus-

sion of estimating errors. N_ - as, much has been learned about

the nature of the leadtime measureme t problem. Following are the major

observations drawn from this study.

1. Available leadtime data leave much to be desired in terms of
Saccuracy of definition and consistency. This statement should not be

interpreted as vitiating the conclusions of this report. It does mean,

however, that it was not possible to get precise and consistent data be-

cause of the ambiguities of the definitions of specified events. There-

fore the statistical results should be treated as approximate.

2. The leadtime for operational status of missile systems has aver-

aged about eight to nine years. The nine missile systems which were op-
erational in June 1957 averaged 8.7 years from project start to first

unit in an operational status. The span of leadtimes was from about
6 to II years, with 78 percent of the nine systems falling in the 8- to

9-1/2-year bracket.

Using the latest estimates of operational availability, the average

leadtime for twenty-two systems which are not yet operational is about

the same as for the nine operational system. However, the span is

greater (4 to 19 years), and 82 percent of the systems fall in the 5- to

12-1<2-year bracket.

3. Estimates of leadtimes to operational availability have usually

lec opt iiiistic. For the nanc opcrational systems, the firft r qtim-t,'

of operational availalbility were optimistic by 2 to 4-1/2 years (i.e., the

estimated dates were sooner than the actual dates). Only 3 percent of

alestlmat up to the time of opcrat'onal availability were pessimistic
(estimated date later than actual date) uy more than one-half year. The

estimated time-to go (that is, time from date of estimate to estimated

operat ional avai lab: i ity) averaged about 65 percent of thu actual time

required: however, iridividuai estimates varied w:dely from the average.
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The thirteen systems which are not yet operational show a somewhat

poorer estimating performance than the nine operational systems in terms

of the "slippage" rate (rate of delay in years per year of the estimated

operational availability date). However, no significant differenue in

tne average slippage rate could be determined between the systems started

prior to 1950 and those started after 1950.

,4. The average of the latest estimates of leadtimes for missile

systems initiated after 1950 is less than those for the pre-1950 missile

systems. The average leadtime for systems started prior to 1950 is about

10-1/2 years, based on actual leadtimes for operational systems and mid-57

military service estimates for the not-yet-operational systems. For post-

1950 systems, the average of mid-57 estimated leadtimes is about 7 years,

or 3-1/2 years less than average leadtimes for the pre-1950 systems. If

the estimating error data for the eight operational systems are used to

compensate for the probable optimistic error in the estimates for the

post-1950 systems, the compensated average leadtime would be about 9 year3,

or 1-1/2 years less than the pre-1950 systems.

5. For seven of the nine operational systems, one-half to three-

quarters of the total leadtime was spent prior to the first production

contract. For the nine operational systems, about 25 to 85 percent of

total leadtime was spent prior to first production contract, Seven sys-

teý,ia were grouped in the range from 50 to 75 percent. In terms of years,

the range of times from first production contract to operational availa-

bility varied from about 1-1.!2 to 6-1/2 years. Variation for the most

closely grouped six systems was from about 3 to 4-1/2 years.

The maximum variation of estimated percentages of time spent prior

to first production contract for eleven not-yet-operational systems for

';hich data were available was about the same as for the nine operational

systems. Nine of the eleven systems were fairly evenly distributed be-

tween 50 and 85 percent. In terms of years fro, first production con-

tract to estimated operational zavailability- the variation was from about

I to 7 years, Seven of the eleven systems are estimated to require from

2-1 2 to 3-1 2 years. Further delays in estimated operational availabil-

ity dates may change this pattern

6 the data for eleven Army missile systems showed no marked time

relationships between total leadtime and completion of activities in the

R&D phase (i e. research development, test. and operational evaluation).
Although it is logical to suppose that time relationships do exist between

compleLon of the \'ariouý RP&D activities and operational availability, no

marked correlationn were apparqift in the data. Hence, knowledge of the

estimated completion dates of H&D phases as repoited by the military

6
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I
services to DOD appears to be of little value in evaluating operational

availability dates. Two reasons for the low correlation are probably

(1) the time relationships are different from system to system, and
(2) research, development, test, and operational evaluation are diffi-

cult to define in terms of a specific system.

7. For NIKE-AJAX, NIKE-HERCULE, and HAWK, estimates of completion

dates for activities in the R?,D phase (i.e., researcn, development, test,

and operational evaluation) in general showed greater rates of change,
or slippage, than estimates of operational availability. Examination of

data for these three Army SAM systems suggests that the present report-
ing by the military services to DOD does not define R&D phase activities

adequately for meaningful interpretation with respect to system defini-

tion. For example, it is probable that early estimates of the completion
of R&D phase activities refer to the first configuration of the system to
become operational. Some subsequent estimates probably refer to advanced

configurations; hence, the estimated completion dates for the R&D phase

activities show greater rates of delay than the estimated dates for op-
erational availability of the first configuration,

8 The present system for reporting leadtime data is inadequate for
planning and control purposes, particularly in R&D activities. This state-

ment is based upon the discussions of Summary Statements Nos. 1, 5, 6,

and 7

t is apparent that more thought and analysis must be given to re-
porting and controlling the )eadtime parameters of R&D if substantial

leadtime reduction, are to he realized.

9 The data in this report. if employed judiciously with other more
detailed system data: are useful for broad planning purposes until further

analysis e*piains the cause-effect relationships. The reader is warned

te irs th(,se data with caution becau',e qualitative factors influence lead-

time- The influence of thee factor, on the leadtime data has not been
determined; hence there are limitation, on the use of these data alone
in referen~e to any single system However these data can provide a

use.ful mean, for evaluating zchedulei when combined with other detailed

s ystcm data
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g Section III

LENGTH OF LEADTIME FOR THIRTY-ONE

UNITED STATES GUIDED MISSILE SYSTEMS

Figure 1 shows (1) the time spans of nine operational systems from

project initiation to first operational availability, and (2) the esti-
mated time spans of twenty-two not-yet-operational (or "nonoperational")

guided missile systems. The dates used for the starts of the projects

and actual and estimated operational availability come from two primary

sources: (1) the Office of the Assistant Secretary of Defense, R&E, in-

cluding the DOD Guided Missile Program Tables, and (2) the annual Guided

Missile Progress Reports of the Army, Navy, and Air Force. (See Appendix

Table A-i, column 2, for specific data references by missile system.)

The DOD Guided Missile Program Tables from which the data were ob-

tained listed fifty-five systems; however, actual or estimated leadtimes

could be calculated for only the thirty-one systems (shown In Table I

and Figure 1) for which the dates of project initiation were given.

The thirty-one missile systems were classified into two groups, op-

I' erational and nonoperational, as of 30 June 1957, in order to show simi-

larities and differences between the actual leadtimes of operational

systems and estimated leadtilmes for systems which were not operational.

The nine operational systems required an average of 8.7 years from

project initiation to operational availability (see Figure 1). Of the

nine systems, seven systems (78 percent) are grouped in the interval

from 8 to 9-1/2 years (1-1/2 years' variation). The extremes range from

just under 6 years to wore than 11 years, a variation of about 5-1/2 years.

According to the mid-67 estimates, the twenty-two nonoperational

systems will require about the same average time to become operational
(8,5 years) as the nine operational syste-,,s. However, the variation of

estimated leadtimes is greater, As Figure 1 shows, the central 82 per-

cent 01 LhU systems (cighiA s , ." ai, . . . .t, d t'u rcqullrc abeat

5 to 12-1-2 year, (7-1 2 years' variation, where operational systems
varied 1I 12 years), and the extremes range from 4 to almost 19 years

(about 15 years' variation, as against 5-1 2 years' variation for opera-

tional systems).

SECRET



SECRET

5 78% OF SYSTEMS
IN THIS RANGE

SAVERAIE KEY:

8,7 YEARS
3 1. SIDEWINDER

Approxlmote limit oE poss - 2. SPARROW I

S/blilty. Systems would have . MATADOR
2 had to be started prior to 4. AJAX

19 8lo t . COIRPORA
35, 1 945 to have taken more* 6, REGUUSIR

1945than 12 yeort to become 7. FALCON_'z) ' - N 24 operatiomal by 1957.er 8.7 FACO~RPORAL

II I I I PETREL
0 I 2 3 4 5 6 7 8 9 IO II 12 1I 14 15 16 17 IS I 20

YEARS REQUIRED FROM PROJECT START TO OPERATIONAL STATUS
NINE OPERATIONAL MISSILE SYSTEMS

10. JUPITER
I1. THOR
12. TITAN
13. TALOS (LAND)
14. REGULUS 3I
15. HERCULES
16. DART
I7. BULLPUP5 82% OF SYSTEMS 18. SPARROW M

IN THIS RANGE 19. POLARIS

20. REDSTONES4 -AVERAGE 21. ATLAS8-5 YEARS 22. SERGEANT
: 3 -23. HAWK

24. SOMARC
25. TARTAR

2 •26. ZEUS
II 27. LACROSSEH FtH 28. TALOS (SHIP)

:E 29.RASCAL30. SNARK
z H . . . . . . , 4,4 , ,1 -, , I 31. TRITO N

i 2 3 4 5 6 7 9 
10  

11 12 13 14 15 16 17 18 19 20

ESTIMATE OF YEARS REQUIRED FROM PROJECT START

TO OPERATIONAL STATUS - 22 MISSILE SYSTEMS NOT OPERATIONAL
BY 30 JUNE '.957

SOURCE Appf~.d. Tab'# AI

FIG. I

ACTUA AND ESTIMATED LEADTIMES FOR NINE OPERATIONAL
,• '-TWO NON,,PERATIONAL GUIDED MISSILE SYSTEMS

10

SECRET



SECRET

Table I

DOD GUIDED MISSILE PROGRAM TABLE (AS OF 30 JUNE 1957)

DATES OF EARLIEST OPERATIONAL AVAILABILITY

(Service Estimates)

~~... laetd'd I-I~ ~dNO
I.-4R A...D.). In AM.ID.l.

IA ASH

RINAA A R ASCAL (HAM-63) AP
AIX-4)ACUIJXS A N OULLPUP (ARM-Il-7) N, AF x

HIKE-ZEUS A x GREEN QU)AIL lOAM-72) A?-

TERNIFA (SAM-N-I) N (w) N CORVUN WAN-N-GI x

ANY TURINN- N "2NIa ASU (AD-1NN) AIP
AD,,TERE. L TENIP AIE8 :11,N oRE) 11- -6. POD AF

ADV . TERRIERN t-3N-

TAWS IS;,ip) SAM-N-AS N AUA

I AN R)~)NA--RITAIXaI SN SAN-N-ND N- PETREL (AUIIM-A-N) N

'AIDS (SNIP SAN-b. : S

TALON (la~dI (NbI -d Nb.)) A N SSW

HOMARC IN-9NA A, x

NONID ))-N9 NP MATADOR (TM-AlA) XSQ IINAdnC AF

TARTAR (SANS- I x MATADtOR (TA-Air) IShhatCNM gUld~nce AF

HA"A (SAM-A-IA) A (AW) N NAT, mft f m-A1SID A Ire.N (I d-N AD

PLATO A R EDDUTI(INNA
(WNA,)S-22AN) NP CORPORAL TYP. 11 (SSM-A-1I)) A-/

RNNNTON n (NSN-A -14) A N

ANN ZLACROSSE (NSS-A- 12)AN

DART ISS-AIS A

SP4N(DONI (NýAN-N-2) S SERGEANT (NSA-A-Nf 7 A x

.,PARK-D i)) NA-N-6) N S RIItTERN A

SI'AINON S N1 - THOR (514.75()S AD N

F[CON (MAR-1 (IU) NP x REGULUS 11 _SN-N-) N
rNISON (AN-2 NAI AV I - JUANIS IRS-- N _N

USsN A QNItA TAITMN (SSM-N-Nt N

UNIL'oSX ((MAt-At 4ýAll SNAM A-K )N

IN N[PI) :lN IA (kAM-N--t I 1 IN 11 - DLL 0RU(NE (S-131 AF-

S~tPtflR I)(N-) Ar- TITAN (SW-NR( AF x
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Because the data for the twenty-two nonoperational systems consist

of time durations from project start to estimated date of operational

availability, they are different from data for the operational systems

in two important respects:

1. Some of the twenty-two nonoperational systems will probably be

cancelled prior to becoming operational. These unsuccessful

systems quite possibly have an average of latest estimated lead-

times that is different from the average of those that will be

successful.

2. As discussed in the next section of this report, eatimates of

future accomplishment have a strong tendency to be optimistic

with respect to the actual accomplishment; hence, as these sys-

tems become operational, their actual leadtimes will probably

be found to have been greater than the current estimates.

Because of these two important differences between actual and esti-

mated leadtimes, it can be stated only that the twenty-two nonoperational

systems are estimated to require about the same average length of time

to become operational as the average length of time for the nine opera-

tional systems, and that the variation of the estimated leadtimes is much

greater than the variation of actual leadtimes.
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Section IV

ERRORS OF ESTIMATEI
Figure 2 illustrates the successive estimates of the date of first

operational availability for nine guided missile systems which had be-

come operational by mid-1957. The estimates are official estimates made

by the three military services to the Department of Defense. (See Ap-

pendix D for explanation of the method of plotting Figure 2.)

In general, the plots for the nine systems have a similar pattern:

the estimated completion dates tend to become progressively later with
passage of time. The first reported estimates for the nine systems de-

viated from the actual dates by 2 to 4-1/2 years in an optimistic direc-

tion (i.e., estimated dates were sooner than actual dates), In the case
of PETREL, one subsequent estimate was optimistic by 7-1/2 years. Only

3 percent of all the estimates made were pessimistic by more than a half

year.

Individual estimates vary widely in their error. It must be empha-

sized that the term "error," as used in this report, refers to the time

difference between estimated events and actual events regardless of

cause; no blame is implied. Figure 3 was plotted to show the relation-

ship between estimated and actual times-to-go (time from date of esti-

mate to date of operational availability) for the eight operational

systems for which several estimates were available (CORPORAL, with only

two estimates available, was omitted). This figure shows that the esti-

mated time-to-go averaged about 65 percent of the actual time-to-go.

Stated in years. 6 years from operational availability, the average es-

timate was about 4 years; at 3 years to go, the average estimate was

about 2 years. This means that there was about 2 years' average opti-

mistic error at 6 years to go and about a year's at 3 years to go. The

average optimistic errors in this figure are the vertical distances from

the average estimate points to the "correct estimate line." The average
•nt imi-t i" error tended to be about 35 percent of the actual time-to-go.

Note that these are averages, Individual estimates and errors vary

widely from tht' averages, and the estimates for a single missile system

can tat 1 prcdomiln:nt ly abGve or below the averages

t'nfortunately te lia ctual time-to-go is not known lor future events
.Idi IS thLet' feLje a poor rt. tereni-,' agal ist which to measure errors. Fig-

tit. i -•,a plott-d fiom, thl oraivilntation ol !he' military pl nner, who must

S3
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work with estimated time-to-go. Figure 4 is derived from the same esti-

mates as Figure 3, but shows optimistic errors plotted against estimated

j time-to-go. By visual inspection it can be seen that the average error

of estimate was greatest (roughly 2 years optimistic) when the estimated

time-to-go was 3 to 4 years. As might be expected, the average error de-

creased as the estimated time-to-go decreased below 3 years. However,

the average error was also smaller (I to 1-1/2 years) for estimates of
5 or 6 years to go. This seeming anomaly of greater accuracy for longer

estimates can be explained by the limited range of actual times-to-go for

the eight systems: all but five estimates were made when the actual time-

to-go was less than 8 years. The effect is clear in Figure 4; the data
are compressed into a triangle bounded, approximately, by the 8-year
".ectual time-to-go" line and the two axes. Some changes in Figure 4 can

be anticipated if it is kept up to date as more systems become opera-

tional, For example, if SNARK, RASCAL, TALOS (shipboard), and LACROSSE
become operational, the actual time-to-go boundary of the data points

will move out from 8 to 8-1/2 years to about 11 or 12 years (or more)

and numerous data points will be added with at least 4 to 6 years' error

for estimates of 3 to 6 years time-to-go. As a result, the average error

values will probably increase, particularly in the area from 3 or 4 to

7 years estimated time-to-go.

Figure 5 was plotted to show the history of estimates for thirteen

of the twenty-two nonoperational guided missile systems in order to com-
pare them to the history of estimates for the nine operational guided

missile systems shown in Figure 2. The nonoperational systems which

were not plotted (nine systems) had data for less than 3 years of esti-

mates, which are not enough to establish definite patterns of estimating

performance.

A cursory examination of the plots for nonoperational systems in

Figure 5 shows a strong similarity to the plots for operational systems

in Figure 2. In both cases, first estimated completion dates are opti-

mistic by up to several years and subsequent estimated completion dates

are later with passage of time.

Table I[ was prepared to show similarities or differences in the es-

tlmtitlng performances iui Ll•t iystemn and thuf:o fur the non-

operational systems. The numerical measure used to describe estimating

performance, illustrated in Figure 16 (in the appendix) is the average

slippage rate (i.e., average rate of change of the estimated date of op-
erational t~ailability per calendar year). For operational systems, the

siippage rate iL. detormined hy thp first. estimate and the actual opera-

tional av!ailabilitv date. For nonoperational systems, probable earliest

and at (,st dat U S of op( rat tonal avilI ~hi I it y are defined which establi Ish

S7
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Table II

RATES OF CHANGE OF ESTIMATED

FIRST OPERATIONAL AVAILABILITY DATE

Category 1--9 Operational Systems

System Project start D Average Slippage Rate

(year's delay per year)

PETREL 8/44 0.53
CORPORAL E 12/44 .60

AJAX 2/45 .44
MAIADOR 2/46 .53
REOULUS T 6/46 .23
TERRIER 11/46 .25
SPARROW 1 12/46 .35

FALCON 3/47 .50
SIDEWINDER 9/50 .47

Average 0.43

Category 2--5 Nonoperatlonal Systems Started in 1946 and 1947

Average Slippage Rate
Project (year's delay per year)

SSystem Start O•tte

2/4r Probable Miiimm Probable Maximum

0.2/46 U. 0.49
TRA/46 .56 .82
TRITON 9/46 .68 .73

TALOS (Shi p) 11/4C .44 .52
LACROSSE 7/47 .55 63

Average 0,13 0.60

F Category 3--8 Nonoperatlonal Systems Started in 1950 or Later

"Average Slippage Rate

ste. P-ojert (year's delay per year)

iSyse StrDa Probable Minimum j Probable Maximum

P ElSTONE o. 51 4- 0.58

tURC 1 51 , .72

SPAItOw 111 .54
ILA'WK .3q ,€ .55

!UI.[.lP " 2 .32 .54
I1Flit' IFN , :,2 13

DART 1 .48
I I1

i •• •-n• . .. 3 ,h.55

19
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a probable minimum and maximum slippage rate. These probable earliest

and latest dates are based on the error data of Figure 4. If these data

for the operational systems hold true for the nonoperational systems,

about 80 percent of the nonoperational systems will have operational

availability dates falling between the derived earliest and latest dates.

Appendix C gives the details of projecting the probable earliest and lat-

est availability dates.

The datn on average slippage rates are grouped into the three cate-

gories shown in Table I1:

1. The nine operational systems.

2. The five nonoperational systems started in 1946 and 1947.

3. The eight nonoperational sybel•ms bLaitd in 1950 or later which

have enough data to establish a slippage :rate.

Within each category the average slippage rate varies substantially

from one system to another. For the operational systems, the variation

was from 0.23 to 0.60 year's delay per year. For the nonoperational sys-

tems, the variation was in about the same or a somewhat greater degree.

Table III is a summary of the averages of the slippage rates for

the three categories and for combinations of the three. The following

summary statements can be made with respect to Table III:

1. The nine operational systems (Category 1) show a smaller aver-

age slippage rate than the probable average of the thirteen non-

operational systems (Category 4) for which slippage rates can
bh established (0.43 versus the 0.43 to 0.56 average of probable

minimum and maximum rates). In other words, the average slip-

page rate for operational systems can be expected to increase

as more systems Decome operational.

The thirteen systems which were started prior to 1950 (Cate-

rozy 5) have a range of avcragcs of probable minimum and maxi-

(0.39 to 0.52) for the post-1950 systems for which slippage

rates can hui established (Category 6). In short, slippage rates

do not appear to ic growing significantly better or worse with

t ime

2o1
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Section V

TREND OF LEADTIMES REQUIRED

I
The actual and estimated leadtimes for the thirty-one guided missile

systems are plotted in Figure 6 against the dates of initiation of the

projects in order to show whether there are tendencies for later missile

systems to require greater or less leadtime than earlier missile systems.

The sloping dashed line in Figure 6 represents mid-57. To its left
are plotted actual leadtimes for the nine operational missile systems;

to its right are plotted estimated leadtimes for the twenty-two nonopera-

tional systems.

When operational and nonoperational systems are viewed together, it

would appear that missile system developments started in 1950 or later
will require less leadtime, on an average, than those started in 1q44

through 1947. The average of the estimated leadtimes of the latter group

is approximately 7 years and that of the earlier group approximately
10-1/2 years, a reduction of 3-1/2 years. It is likely, however, that
this apparent reduction in leadtiwe is optimistic since estimates have

generally been optimistic in the past.

4 For the eight operational systems it was determined (see Appendix C)

that no more than 10 percent of the estimates were optimistic by more

than 3.6 years. Hence, it appears likely that the average leadtimes for

the post-1950 systems will be less than the average leadtime for the pre-
1950 systems. However, the following paragraph discusses an important

reservation on this apparent leadttme reduction.

Figure 7 portrays leadtimes for seven strategic bombers plotted in

the same mnaner as the data shown in Figure 6- This figure was included

to show another family of weapon system, in which increased leadjimes

have been required for the later developments Some influences tend to

reduce leadtime for later systems some tend to inr:rease it; in the case
ot the st rategi, Omijers, the iac iors Lendini Lu inczcasu ladtImo pre -

dominated, Since the balarce between the factors tending to increase and

those tunding to decrease missile system leadtimes are unknown within the
context of this stud, :L should not he inferred that the apparent trend

of missile 'ystcm leadlime reduction will nucessarily continue,
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Section VI

RELATIONSHIP OF TIME TO FIRST PRODUCTION CONTRACT

TO TOTAL LEADTIME

Presumably, the signing of the first production contract for a mis-
sile system would indicate that the system design has been sufficiently

proved to warrant translating it into production hardware, and that it
should therefore be a good indicator of progress of a system's development.

Data relating the first production contract date to the project

start and the operation availability dates are presented in this section
to show how much similarity exists between weapon systems in this respect.

Two sets of data are plotted. In Figure 8 are shown data for nine

operational missile systems. In Figure 9 are shown actual and estimated
data for eleven of the nonoperational systems for which data are available.

In both figures a vertical line for each system represents the ac-

tual time duration from project start to first production contract. It

is plotted on the horizontal scale according to the actual (Figure 8) or

estimated (Figure 9) leadtime to operational availability in order to
show the relationship between the length of time spent prior to the first

production contract and the total leadtime to become operational.

Figure 8 shows the relationship for the nine operational systems.

In five (55 percent) of the.- systems, 59 to 70 percent of the total op-

erational leadtime was spent prior to the first production contract.

The extremes for all nine systems range from 26 percent to 84 percent.

Expressed in terms of years after the first production contract,

flve of the systems (55 percent) took 2.8 to 4,2 years to reach opera-
tlonal status (extremes for all nine range from 1,4 to 6.5 years).

The state of increased military urgency during and after the Korean

('ont I IIeIcUi uLeV pU~ii i ,1y....................r4 8 ... 0 ih ftc;
nine systems were initiated between 1944 and 1947. Of the eight, first

production contracts for five systems were signed between the end of 1950
and mid-1951 during the Korean conflict . (See Appendix Table A-6.) This

close grouping of first production contracts suggests that there may be
3 r..I at itinnhip hetwven mi Iitary or political "urgency" and the first pro-

r;c! that f p'erhavs as important, to the relationship between
euý1,';v readit. t for product ion itld the ( ontrac .

S27
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Figure 9, describing eleven nonoperational systems, shows that, as
of mid-1957, there is wide variaton of estimated time spent prior to

the first production contract, from 29 percent to 84 percent of the tine

to the estimated first operational availability. There is less tendency

for the estimates to fall Anto groups by percentage for the nonoperational

than for the operational systems. Nine of the eleven systems (82 percent)
were estimated, as of 30 June 1957, tc require 3.4 years or less from

first production contract to operational status (see Appendix Table A-7).
Since the current estimates of total leadtime are probably optimistic, as

discussed in Section IV, some points can be expected to move to the right
with time (i.e., actual total leadtimes may be greater). The pqcise ef-

fect on the pattern as plotted cannot be forecast.

In general, it can be said that for seven of tht- nine uperational

systems about one-half to three-quarters (50 to 75 percent) of their
total leadtime to operational status was uxpended prior to the first pro-
duction contract and they required from 1.4 to 4.1 years from first pro-

duction contract to operational status.

The eleven nonoperational systems show wider variation, and the pat-

tern of variation will probably change as they become operational.

30
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Section VII

ARMY MISSILES: TIME FOR RESEARCH, DEVELOPMENT,
*I-EST, OPERATIONAL EVALUATION, OPERATIONAL AVAILABILITY

i

Figure 10 establishes, for each of eleven Army missile systems for

which data were available, a base line (project start to operational
availability) which is marked to show estimated and actual completion

dates for the phases of research, development, test, and operational

evaluation. The purpose of this figure is to determine the relationships

between the estimated or actual completion dates for research, develop-
ment, test, and operational evaluation in terms of the estimated or ac-

tual completion date for operational availability. The phases are those

defined in the Department of the Army Annual Guided Missile Progress Re-

ports to the Department of Defense:

Research--theoretical analysis, exploration, without completely de-

fined goals, directed toward the inuremae of knowledge and, with

it, the power to control phenomena.

Development--the extension of the investigative findings and theo-

ries of a scientific or technical nature into practical application

for experimental or demonstration purposes, including the construc-

tion and testing of experimental models or devices but excluding

operational or service tests,

Test--the nhysical and performance measurement of a specifically

developed item (material, equipment, system, or device) to deter-

mine the technical suitability of the item for use in the military

services.

Operational Evaluation--the test of a specifically developed item

(material, equipment, system, or device) under service or simulated

service conditioins in order to determine as accurately as possible

its characteristics or performance and its utility in military

operations.

Operatlonal availability is defined as the date when the first unit

is oquipped to have capability for action against the enemy (i.e., the

sawe date that is used in the earlier sections of this report).

SC1
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I
The following observations are made from Figure 10:

1. Research was completed or estimated to be completed before op-

erational availability in six out of nine systems (no dates

available for DART and TALOS). Estimates range from 7-1/2 years

before operational availability to 2-1/2 years after operational
availability.

2. Development was completed or estimated to be completed before

operational availability in seven out of ten systems (no date

available for REDSTONE). Estimates range from 3 years before

operational availability to 5-1/2 years after operational

availability.

3. Testing was completed or estimated to be completed before op-

erational availability in five out of ten systems (no data

available for PLATO). Estimates range from 2 years before op-

erational availability to 3 years after operational availability.

4. Operational evaluation was completed or estimated to be com-
pleted before operational availability in two out of eight sys-

tems (no data available on CORPORAL, PLATO, and TALWS). Esti-

mates range from 2 years before operational availability to

4 years after operational availability.

one would normally expect that research, development, and test for

a specific system configuration would occur before that system becomes

operational. The data do not reflect this relationship; the data do not
identify the smaller variations of system configuration. Evidently the

data refer in many cases to advanced configurations, as indicated by the

numerous extensions of the estimated completion dates for R&D phases be-

yond the dates of operational availability: for example, research is
completed up to 2-1 2 years, development, up to 5-1/2 years, and test,

up to 3 years afltr operational availability.

The data show littlc reasonable pattern. It is concluded that the

present reporting system for estimated completion dates in the Annual

Guided Missile Progres Reports is inadvquate to demonstrate the rela-

tionship of R&JD functions to operational availability of the first unit.

It appears that the definitions of research, development, test, and op-

erational evaluation are not or cannot be related by the estimator to
spc ific system coal iguilLons .
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Section VIII

ERRORS IN ESTIMATING RID FP LAS,.-S

FOR THE ARMY'S SAM FAMWLY

The previous section demonstrated the lack oi Y-,l -elation

ships between operstional availability and the lat st estimated coaple-

tion dates for research, development, test, and or ational evaluaLlca

of the Army missile syctems. In this section, five of the Army's rarf:,

to-air missile systems (NIKE-AJAX, HIKE-HERCULES, F'AWK, PLAWU, and !I'Al)•
(land-based)) are selected to demonstrate the error!s in estitsaLitg the

completion dates of research, development, test, fnd operations]

evaluation.

Figures 11 to 15 are plots of several series Lf estimates of the

occurrence of specified events in the five missile systems. The dates

of the estimates are plotted on the vertical scale, and the ostimated

dates of completion of the specified events are plotted on the hori?,onli!:

scale. Estimated dates for as many as five events are shown for .ach

missile system: completion of research (R), development (D), test (T)

operational evaluation (OE), and first operational availability •(•\).

These events, which are defined in the legend of etjch figure, are v'as.

tomarily used by the services in rendering the Anntal Guld~d MPt•asl

Progress Report (in October of each year).

As shown in Figures 11 to 15, the illIppage roes oe the est i '.,• I qi

completion dates for research, deveiopment, test, , d operatiot.ki! '

Lion are, In most cases, greater than the slippa'e iate of t,h ,

date for operational availability. The range of d Iferonc ,t,-

and latest estimated eutspletion rates for rcsearch is G,2-9.9 ,

development, 0-9.2 years; for test , 0-4 yeats: and ;or ;fpcr:itt Itot

iion, 0-3 years. By contrast, the same range for 4 ,-er4%tlonil .. .Sity is 0.5-2.5 ye'ars. The explanation of this g't icr vrrttlo .

Ieics in the arias of (I) the 'ippartit greater dil ! liv of ;,, I

estimatlng research and deve, lopmnt cmpl•,tion (tat .-ttd (:,) : h.

Irepo rt I ng o f thl. re1, it I oll htp 11 ,f w et IwelF lj&t) a 't! 4 - I'l " I yI tt,' m t I'm I

Ion, N tI . tha.t tile 1 .tIrn t O.u•- 'I ',i,,r ,, IImi t' 0,(-,-. ,-ly -.4 I

;-V~k t 1W III , I- t I it) •t ;t1 I, I l i t li t - I, in t-It

,,v~~~~~~~~~~t ~ ~ 11 1I n7"d lii ,::Io ,I av n
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FIG. 11

ESTIMATED COMPLETION DATES FOR PHASES
OF NIKE-AJAX MISSILE SYSTEMS
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FIG. 12

ESTIMATED COMPIETION DATES FOR PHASES
OF NIKE-HERCULES MISSILE SYSTEM
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FIG. 13

ESTIMATED COMPLETION DATES FOR PHASES
OF HAWK MISSILE SYSTEM
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I FIG. 14

ESTIMATED COMPLETION DATES FOR PHASES
OF PLATO MISSILE SYSTEM
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FIG. 15

ESTIMATED CJMPI.ETION DAIES FOR PHASES
OF TALOS (LAND-BASED) MISSILE SYSTEM
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Section IX

USE OF L.ADTIME AND ESTIMATING ERROR DATA

I
Data have been presented in the preceding sections with only occa-

sional reference to the possible cause-and-effect relationships which

suggest why leadtimes vary from system to system or why estimates prove
to be inaccurate. If the data are to be used at all, however, some under-

standing of these relationships is necessary for interpreting the meaning

of the data to guide their proper use. Detailed examination of these
causal relationships is beyond the scope of this research; however, dur-
ing the course of the research, it was necessary to establish the general

framework of factors affecting leadtime and the factors affecting the as-
curacy of estimates. The relationships and their effect on the applica-

tions of the data are discussed below.

Leadtime Data Characteristics

Leadtimes for complex weapon systems can be expected to show some
similarity. Some minimum leadtime is necessary under the most favorable

conditions to integrate components into systems and test them, tool up

and produce equipment, train personnel, install launching equipment, and
deploy tactical units. Some maximum leedtime is also to be expected.

In a time of rapid change of military technology, weapon systems which
require very long leadtimes are likely to become obsolescent and to be

cancelled prior to becoming operational.

The data show the wide variation between these extremes that can be

expected. Logically, leadtimes are affected by at least the following
factors: advance required in the state of the art, technical complexity,

organization complexity, relative state of urgency for the system, and
the national state of urgency. These factors are not accurately known

for the future with any assurance, nor is their effect on leadtimes known
quantitatively.

IUse of Leadtime Data

it i.s evident from the discussion above that the historleal le-dtime

data must be used in conjunction with the best available knowledge of the
Squalltativv Lacrors aixecting leadtime for specific weapon systems. Used

in this way, the historical leadtime data can be of advantage in two areas:
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1. Estimates can be compared with the historical data. Marked

deviations of the estimates from historical leadtimes required
by systems which were similar with respect to factors affecting

leadtime can call attention to the need for more careful exami-
nation of the estimates.

2. Where long-range plans require assumptions about system lead-

times, the data can be useful if the results of the planning
are not sensitive to the accuracy of the leadtime assumed for
any one system.

Estimating Error

"!Estimating error" is used in this report in a specialized sense to
mean the difference between estimated and actual dates regardless of
cause and independent of any connotation of blame. In the sense of this
definition, a wide range of errors can be expected tacause of the diffi-
culty of defining "realistic" conditions and assumptions and the diffi-
culty of estimating for very complex missile systems what could be done
in a stated time, even if all conditions and assumptions were satisfied.

The data show that errors have a pronounced tendency to be on the opti-
mistic side of the possible range of error. Several reasons, which are
illustrative rather than comprehensive, can be stated for this tendency:

1. Detailed estimates originate with contractors and military proj-
ect managements. These organizations are oriented to their sys-

tens and can be eApOctod to be biased in their favor.

2. The military's desire for shorter leadtimes encourages opti-

mistic estimates.

3. Estimates made early in the development of a weapon system
originate with R&D organizations which tend to underrate the
difficulties of hardware production, personnel training, and
system deployment.

4. The military's decision-makers frequently require estimates

based on optimistic priority assumptions by each weapon system.

It is the decision-makers' prerogative to effect, system by
system, high or low priority programs. A net reduction In the
priorities assumed results in optimistic error.
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5. Many events or conditions which increase leadtime but which have

a low probability of occurring in any one system development can
= not meaningfully be taken into account by estimators.

On the basis of both the apparent tendency shown by the data on non-
operational systems and the discussion above, it appears that estimates
will continue to be optimistic.

Use of Error Data

It is important to consider the consequences of reducing or elimi-
nating the average optimistic bias from a set of estimates. Since the
degree of optimistic error varies widely from system to system, compen-
sation for the average optimistic error will change the estimates from
nearly all optimistic to approximately half optimistic and half pessi-

mistic. For some pkirposps the penalty attached to a pessimistic estimate
may be greater than that attached to an estimate which is optimistic by
the same amount of time. For example, failure to provide funding for
long leadtime elements, on the basis of a pessimistic estimate, may cause

delay in a system's development that may be more serious than tying up
obligated funds (provided on the basis of an optimistic estimate) which
will not be expended as soon as scheduled. As a further example, if com-

pensation for optimistic error is made to estimates for some systems, and
if these estimates are compared with uncompensated estimates for other

systems, faulty conclusions and decisions can result.

If the consequences noted above are taken into consideration, the
estimating error data can be used to advantage In evaluating current es-
timates for purposes of program planning and control. The data indicate
a pronounced tendency for estimates to be optimistic. The evaluator can

be conditioned by these data to be more critical of the realism of as-

sumptions on which estimates are based.

The magnitude and range of optimistic errors in the data suggest a
need for further research, first on the causes of error in estimating,
and subsequently, on the possibilities of improved program planning based

on knowledge of the causes.

a
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Table A-i1

ACTUAL AND ESTIMATED LHADTIMES FOR ARMY, XAVY, AND AIR FORCE MISFILS SYSTEMS

AS of 30 June 1957

1INVrvatlco of OPerstiocal Ladtl..a

9 operational systems 22 Nooeperatloal Systems

Project Start
M issile Syste m D at e w s io nai Le d i e atest Be% ' Bat, W

T'of Cl•1. AvaiL. Bt ~atm
Availability (years) f as of .(year s)

Dat!/ (2)-01) ate871 (4)-ao)

(1) (2) (3) (4) (8)

SAM

NIKE-AJAX 2/40-12 1/54 A's

N,16-NECU1ZS 4/52Y- 7/5$ 6.2
NIKE-ZEUS 2/55-A/ Ives 10.

Tha8RRI 11/46d./ 7/55 8.7

TAI•78 (Shl Sb 11/48.1l41/ 4/58 11.4

TA S (LAnd) 9/43/ 15043

OMAIRC (IM.99A) 1/51tJ./ 9/5/ 8.7

TARTAR 6/512/ 3/60 8.8

HAWK 3/,m1-2/ 10/69 a.s

AAM

SPARROW I 12/4i6•-1/ 4/55 8.3

SPARROW 111 1/51-/ 11/57 6.8FALCON ttU11 -0 . ..- 3, 9/ 416 •
F~lON '-).4,.'-'.- g 4,'356 8.1

SIDEINIDER 9/01 7/56 S. ..8

ASM

RASCAL 5 4 61-2/ 9/48 12.3

RI.! RIP 41525A 12/58 6.7

AUM

PTRE L 8V441/ _26 11.4

668

MATADOR (TM-lA) ? 146j-
1

-2 3/54 8.1

REGUUL I ,/ 6/461,2' 4/55 8.8
CORPORAL L ;11441 ,2/ 6154 9.5
6EDSTUNS 7/502/- 3/58 7.7

LACioll0i5, 7,4712/ 10/58 11.2

DART 12'5/ 7, 7/S9 6.6
5SrRIANT 41542-/ 9 8/62 8.4
,?'PIM-.R 7/,59 4.1

TmON 6,552 7,59 4.1

IT 1ý317'59 a I-- -IAI 11 11 l51'2 1963 7. 6

MT ITKV 9,461,2" 1015 18.

.94A6R 24614.2 1T59 12.8
AT... 11512 3/59 8.2
TT 2 55 3/61 .2

2 s - er '• , (,• m ro gr ess hie por n ,. Dn e p is. I t iyo A ? a- N - y . A l.S.•t~u • t, : Oh - - I"

4 Vwhere- -li the year -n givpn in the e.-ittte. iinslt1r,; a,: g:l1v]!ted assing the -onth

the -
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Table A-3

OPTIMISTIC ERRORS IN ESTIMATING OPERATIONAL AVAILABILI
2 Y

OF EIGHT GUIDED MISSILE SYSTEMS

[ 16(6 5 .I-- 'OI--

A,, OT.S F1 T O AAG 1'5 ED A', 1D AW.

£ 1-4163 SI 6/I 62 . 2.0 2 7,? 4,1 3.• .53 71 .1 2.3. ,65 6 .2

34 6/5 8.3 1. 1 1. / 7.0 .4 . . / 4

6-46 01/213 11.1 4.0 2.111/2 I 4.2 !.o --0,4 6/,2 16/ .4 , j ¶ ,.0

11-4 .27 l5 . I 5.6 .1 ri6/53 60 .4 , 1 6 . 2. 1.2 I 1.6 /I - h I .3.1.

3-IF 3. . 2 / 4.6 3. . 6254 7 1 I .6 6I .

-SI '53 ,.', 1.9 2,1 6/56 / 0.0 .6 s/si 4.5 2.0 I; 6/54 7 .7 3, , /:' I.

3-49 ./23 :1.2) 1,2 2 1 6/5 2 1.6 ''. 7 .6 1ý1/I 3.6 2.4 "; 11/46 , I 1,. 11/5., . I "6-41 6/5i 3 It ,2 4. 1.1 6/,5 1 4. 6 2 11.4 6/s24 2.6 3..2 3. 6/545 ,4 5 , 1. f, / ,r 0

I I 4 6/2 5 .5 1.1 7 A 6/53 6.0 3.1 W., 6/51 j3 1 L 11 . I..
3-51 ... '53 1.::; i ', '

1 -1. 5 .3. . I I', I. ..1 1:. .... 1 1

6-5 6 2( 1 . -021 8 . 2 6 .1 6 5. . . .1. .

31 11, 6 /5
1 -4 fi / ",1ii 1, lt55 l~ 1 [ .5 /5

I _5f5 V50f I t./,55 O 6 i/ll K 0~

4-57

A r t io l ln, .7 l I I, 4

11,, (ii- 
II 

r 
r . f iL1

I TI( I 1 61 .-11K .1 11 1122 535311026 I I.,I. 1. 1 I 6. 16 . T 1. 0 A ,. - g.1 T Ill 111 ,l S1 l.1 1 ,52

A. . . . . .., .1 2 2

7.t, 6r.2, , 6 .2 1.,7,.

S2.1

"'•- ~ l I '; f .1, 5.1 1,6 .11/.

0

I I

II

"." ~~~~~ý 7 : .. . .
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N YSTfltATINC OP~rA'T:,' 1. AVA!1AHIL1Y
lIrr GUIIDED MISSILE .'. ~~

'l- .1 .1. 1. 11.1 441 ) AU "(IA 8 I 410101A180.0S1 O55 M4

A: rGAG Ii - 00% V,0b -6/57 1 5. 1 0. 6/53 a. . , 6/50 7.0 3.2 3.8
'5:1 7.4 5.6 1.8 6/53 7., 5.6 18 6/52 8. 3 4.6 1.7

7,1 1.1 3. 6/.-1 .9 6. o, 08 6/54 8.9 6.1 0.8 0/53 5.8 5.1 0.7I . , 6.'54 6.3 5.7 0.0 0/71 5.2 .1.4 2. R
-11:,, 52 .4/ 2 A/ý.4 5.0 5.0 0.8 6152 4.8 3.0 1.8

f,,: 5. 12, t.i 0/7 ./56 5.3 I 6.5 -1.2 6152 .4.2 !. 4 t.8
1 31. 4.1 1ý ;n1 1074 . 01 6/5ý5 4.1 4.3 -7.2 a0/5ý2 3.0 1.2 1.8

J4 ., 2 .3 '. 6/51 -4,3 2. 2.1 0/b5 21 3.3 -0.2 0/53 2,0 1.2 D..
.4.4 0.4 1 1 145 . 0 0.1 0/54 0. 0.1ý 0.8

K 7 - , ~ I . i.5 00 2.1 "n 0.1 6/54 0.4 K .4 0.8N
1 1.1.1,-0 2. .l 'I 10 ,1 4  0,3,6  , 4.o (1. /55s 53 4.5 -4.2

a 0.

Il 11' D7.

L17/56 .1/11:51

1. ti0I4 11,104 6041,DATA

I. 3. 148. A. .

06 0.7
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Table A-4

ESTIMkTED COMPLETION DATES FOR OPERATIONAL AVAIIABILITY

OF THIRTEEN GUIDED MISSILE SYSTEMS NOT OPERATIONAL BY 30 JUNE 1957

1Es ltot Co-pl*tson D*st by that or 5.t55 te

S Apt, KoA .N y n, Jon. Jan. .e. Jul. 5 4 . June D.. Apr. Juin.7ar 4 7 4? 40 51 49 _2 B3 5 $4 55 a 5 56 S7 57

SKAR, Jan. Jain.d

44 54 5 3 53 34 54 54 54 55 56 an - So j5 59 so Be

46 52 54 53 54154 54 54 54 55 54 67 67 57 5 a

Spt46 -- 53 3 53 59 59 59 59 s ft 6a 4 s 4 $ 65

TALOS %Ship) N0." Apt. Apt.
46 53 53 51 51 54 5v 54 54 54 58 s8 be 58 5a 5a 5 5 5 s

LACROS33 July Oct. 0o t.
47 . . .. 55 -- 54 34 55 -- 58 58 -- 59 SO s as 5as

RMOSTONE July Ap r. U.
so . .. . .. . . 5 5 . 5. a -- So s

BO A 4aC Jon . 4Sp . 55 r,.

SPR~ III.. 1*n,•7 
5Y S

aw Ior - 54 -3 5- 56 5 ST 1 57 57 6

56 s o 55 60 60 50 49 59 54 59 59

LLISP Apr. Ina

so 59 59 4 5 4 -9 5.'

S.,,-Jr 0 OgIl~,, Iof 5.he•s t.¶nn ¾..,rotl" n t i~cy..or nenn~rlh sod S~gtneortog,
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Table A-5

ACTUAL AND ESTIMATED LEADTIMES AS A FUNCTION OF LATE
OF PROJECT INITIATION FOR THIRTY-ONE GUIDED MISSILE SYSTEMS

Project Luadtime (years) 1.
System Start

Date Actual Estimated-

PETREL 8/44 11.4

CORPORhL E 12/44 9.5
NIKE-AJAX 2/45 8.9

MATADOR 2/46 8.1
SNARK 2/46 2.9I

RASCAL 5/46 12.3

REGULUS I 6/46 8.8

TRITON 9/46 18.8
TALOE (Ship) 11/46 11.4
TERRIER 11/46 8.7

SPARROW I 12/46 8.3

FALCON 3/47 9.1
lACROSSE 7/47 11.2
RFDSTONE 7/50 7.7

SIDEWINDER 9/50 5,8
BOMARC 1/51 8.7

ATLAS 1/51 8.2

SPARROW III 1/51 6.8

HAWK 3/51 8.6

TARTAR 6/51 8.8
BULLP•JP 4/52 6.7

NIKE-HERCULES 4/52 6.2
DART 12/52 6.6
REGULUS IT 6/53 6.1

SERGEANT 4/54 8.4

TALOS (Land) 9/54 5.8

NIKE-ZEUS 2/55 10.3
JUPITER 6/55 4.1

THOR 6/55 4,1

POLARIS 11/55 7.6
TITAN 12/55 5.2

source: Table A-I.

52

S,= '.'rE



SECRET

II

Owl In 4 0

I ,,

cc go 0 0 g 00 0 0 * @

41

I •• k~ N OD w 00

0 4'
0

453

wFC!NF0
- ,40to

4-,~~~~c 
1

.'q ao-0 0 ') - N '4

.. 4tI.. N N N N N

.5 

SEC R ET0 
d) 0 d



SECRET

Iii

%4 4A

41iz
0 0

4.1

1 9214 goC 0 N ID0 . 00 s

4.q4 4.-

A*

ts 4m- N a
00

er.,..

-I-

S.-S

0~0

54S 

E 
R E

S..... 5..

-,'.+ + -
.,., .+. • m 0.

*+ - - .m " -",.,
-a - . • + , .

.,,ss. 5.5 g < + --

SECRET•



SECRLT

Table A-8

ACTUAL AND ESTIMATED COMPLETION DATES FOR
PHASES OF ARMY GUIDED MISSILE SYSTEMS

Actual and Estimated Completion Dates-/
misl PrOject DateMissile Start of Develop- Operational OpeI'rtioinal

Daae Rpr Popent Evaluation Availability(R) (D) (T) (03) (OA)

CORPORAL Fr 12/44 10/56 12/r-; 12/86 12/56 continuing 6/54

NIKl-AJAX 2/45 10/55 6/50-/ 15/5./ 6/42/ 6/•142/ 1/54

lACROSSE 7/47 10/55 1/54 7/56 7/57 7/56 9/58

REDSTONE 7/50 10/56 6/51 contlnu- 2/60 2/60 9/58

contlnu- Ing
ing

HAWK 3/51 10/56 9/54 3/58 7/59 1/61 9/59

NIKE-HERCULES 4/52 10/56 6/602/ 6/61Y/ 6/61Y/ 6/62Y/ 6/58

PLATO 9/52 10/56 0/63 6/63 .. .. 12/63

DART 12/52 10/50 -- 6/57Y/ l/5f--/ 6/50./ to 6/59
6/602/

SERGEANT 4/54 10/56 12/56 1W/60 12/62 6/632_/ 9/62

TALOS (Land) 9/54 10/55 -- 6/572-/ 6/552/ -- 6/60•/

NIKE-ZEUS 2/55 10/56 6/6 2A/ 6/622-! 6/631/ 6/632-/ 6/652-/

1 6/64/! 6/65e 6/65ý /6;-,
1I/ Historical dates or times are underlined; estimated dates or times are not underl-ned.
2/ Dates where only the year was given are asisied to be midyear.

Source: Annual Guided Missile Progress Reports, Department of the Army. Dates of reports

are indicated In 'Date of Report" column.
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Tab!* A-9

SLI!'PAGE OF ESTIMATE FOR COMPLETION OF

SPECIFIED PHASES OF FIVB ARMY GUIDED MISSILE SYSTDIS

(1) (2) (3) (4) (B) (6). (1)
Data ta80 First Last 8slppage of $11ppag8

Missl~e System phase
1
/ Projeot Est•mted 3eti.tod Estimate Rate

start Completiont Completion (6)-(4) (6)4(1)
From To Date Date (7ears) (yr/yr)

NIKE, AJAX R 10/48 10/56 2/46 7/49 8/50 9,9 1.3
D 10/48 10/86 4/S0 6/59 9., 1.:2
T 10/48 10/56 1/51 6/54 3.4 0,4

OR 10/51 10/56 6/64 6/54 0. 0,
CI 1/48 12/53 6/81 12/53 9. 0o.4

NIiKE-HERCUJLES 8 10/53 0/6 /52 0/53 6/60 7.0 1,3
o 10/53 10/6 8/66 6/61 5.0 1.7
T 10/53 10/56 6/57 6/61 4.0 1.3
2/

02- 6/54 10/56/5 6/62 3.0 1.'
05/ -/54 10/56 6/59 6/57 -..

OA 12/53 6/57 12/57 6/58 0.5 0.1

TALOS (land-based) R -- - 9/54 - - -

D a/ei 1 10/58 6/57 6/57 0. 0.
T 6/54 10/55 6/58 6/66 0. 0.

CA 12/54 1 /57 123/9 6/60 0.6 0.2

AWK I 10/53 10/54 3/51 6/54 9/54 0.2 0,2
10/53 10/56 6/56 3/58 1.8 0.6

T 10/53 10/56 6/57 7/59 2.1 0.7
CE 10/53 10/56 G/58 1/61 2.6 0.9
CA 3/51 6/57 6/56 10/59 3.3 0.5

pLATO R 10/53 10/56 9/52 6/57 6/63 6.0 2.0

D 10/53 10/56 6/58 6/83 5.0 1.7
T 10/53 10/53 .......

OE 10,53 10/53 .....

OA 6/56 8/17 12/63 ....

l R k .o.ea. h, D = Developaent, T Test, CE = Operational Lvasluatton. (A Operas Onel Availability.
21 rwo dates are shown in the basic data, Both are Idilcated here.
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Appendix B

EXPLANATION OF PLOTTING METHOD USED IN

SECTIONS IV AND VIII

The figure below illustrates the graphical plotting method shown in
Sek'tions IV and VIII. The dates on which estimates of future specified

events(e.g., "operational availability") are made are plotted on the or-
dinate, and the corresponding estimated dates forcompletion of those speci-
fied events are plotted on the abscissa.
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For example, point 1 (B) represents an estimate of operational avail-

ability. The date the estimate was made was mid-1945 (ordinate) and the

estimate stipulated that operational availability would be achieved in i
the middle of 1948. Points 2, 2, and 4 are additional points represent-

ing estimates of opcrational availability. Point 4 (D), which falls on
a line 45 degrees from either axis, represents the actual date of opera- 4-

tional availability. Points on the "45-degree line" can be visualized

as representing the present as of any date of estimate; points (such as

points 1, 2, and 3) which lie to the right of the 45-degree line refer {
to the future; points which lie to the left of the 45-degree line relate
to the past.

Further information available from this plot is:

(1) AC - actual time-to-go as of the date of the first estimate, I

(2) AB - estimated time-to-go based on the first estimate.

(3) DC - error of the first estimate.

(4) CD - period of time over which estimates are made.

(5) BC/CD - average slippage rate from first estimate to opera-
tional availability.
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Appendix C

METHOD OF COMPARING ESTIMATING PERFORMANCE IN
OPERATIONAL AND NONOPERATIONAL SYSTEMS

It was necessary to compare the estimating performances for nonop-

erational systems with these for operational systems to see if substan-
tial differences exist which could be taken into account in interpreting

j the data for nonoperational systems.

The measure of comparison chosen was the average.slippage rate (see
Appendix B). The average slippage rate, as defined, appears to represent

the data adequately for the purpose, and is simple to determine.

Figure 16 illustrates the method. For operational systems, Fig-
ure 16 (A), a line is drawn from the first estimate to the operational
availability point and its average slippage rate determined in terms of
years' delay per year.

For nonoperational systems, Figure 16 (B), eerliest and latest prob-
able availability dates were determined and the rates of change from the

first estimate to these two points were measured. An earliest and latest
probable date was chosen to describe the estimating performance rather
than a single "most probable" date to call attention to the uncertainty

of the extrapolation.

The earliest and latest probable availability dates were established
on the assumption that the errors of mid-57 estimates for the nonopera-
t: onal system's would follow the pattern of the errors for the operational
systems shown in Figure 4. Figure 16 (C) shows the band which includes

,P1 percent of the data points of Figure 4 (excluding the 10 percent of
the points with the greatest optimistic error and the 10 percent with the
least optimistic error). The lines of probable maximum and probable mini-
mum optimistic error, used to project the earliest and latest probable

availability dates, are simplified approximations of the edges of this
band. Hence, the probable earliest and latest availability dates can be
expccted to bound the actual date of operational availability in about
80 percent of the cases, if the estimating ccetracy of these nonopera-
tional systems follows the pal-t.ir of the operational systems.
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FIG. 16

ILLUSTRATION OF COMPUTATION OF AVERAGE RATES OF CHANGE
OF ESTIMATED OPERATIONAL AVAILABILITY

64

SECRET



SECRET

I
II

PROBABLE MAXIMUM OPTIMISTIC ERROR

USED FOR PROJECTING PROBABLE
LATEST AVAILABILITY DATE 4

A-SANO WHICM INCLUDES THE

PROBABLE MINIMUM OPTI- CENTRAL 80 PERCENT OF THE j

MISTIC E•ROR USED FOR EFIRORS OF CSTIMATE FOR I -OPERATION&AL_11111T.U$ (FIS. 46) "
PROJECTING PROBALR-
EARIEST AVAILABILITY DATE / 0

7T 5 5 4 3 2 I

ES:TMATED TIME -TO-GO TO OPERATIONAL AVAILABILITY (TEARS) (D
PROBASLE &dXfMUM A4D MINAIMUM ERRORS

(IsEo ro PRorcr AVAf. a0I8.17 " OoftrS

fOR ViONOPfRAriOHA1. SYSrEMS

FIG. 16 ýContinued)

ILLUSTRATION OF COMPUTATION OF AVERAGE RATES OF CHANGE
OF ESTIMATED OPERATIONAL AVAI.LARILI TY
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Figure 16 illustrates the method - f 'neasuring average slippage rate.
The plot of estimatep for a typical operat.. ,. qvstem, SPARROW I, Is
shown in Figure 16 (A) The average slippage rate, ir ,i first estimate
to the actual availability date (0.35 year's slippage year), is ob-
taineo by dividing the total slippage (the horizontal r. .- nce from
Juine '52 to April '55, or 2.8 years) by the time from I.- iate of the
first estizate to the availability date (the vertical ui. ance from
March '47 to April '55, or 8.1 years).

The plot of estimates for a typical nonoperational system, REDSTONE,
is shown in Figure 16 (S). The latest estimated availability date is
March '58 which is 0.8 year estimated time-to-go from June '57, the date
the estimate was made. Probable minimum and maximum optimistic errors
absociated with an estimate of 0.8 year time-to-go are obtained from Fig-
ure 1G (C). zero years probable minimum and 1.7 years probable maximum

optimistic error. The earliest and latest probable availability dates
are determined by applying these allowances *or error in Figure 16 (B):
the earliest probable date is March '58 plus 0.0 year, and, the latest
probable date is March '58 plus 1.7 years (W• months), or November '59.
These projected earlidst and latest probable availability dates are used
in measuring the average slippage rate in the same manner as described
above for the typical operational system.
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